Signaling of TGF-b superfamily members is tightly controlled by an elaborate network of regulators (for recent review see Trends Genet. 15 (1999) 3; Genes Dev. 14 (2000) 627). Recently, the transmembrane protein BAMBI (BMP and activin membrane-bound inhibitor) has been shown to interfere with Bmp and activin-like signaling by inhibiting Tgf-b type I receptor activation (Nature 401 (1999) 480). In striking contrast to other Bmp antagonists like noggin (Cell 86 (1996) 599) or chordin (Cell 86 (1996) 589), BAMBI is strictly coexpressed with Bmp-4 during early Xenopus embryogenesis. The grouping of genes according to their shared complex spatial expression pattern and their involvement in the same biological signaling pathway has been referred to as synexpression group. This concept facilitates prognoses about the roles of a group member with unknown function. Apparently, only a minority of genes is organized in synexpression groups and up to now they have mainly been described in yeast and Xenopus (for review see Nature 402 (1999) 483). In the frog, BAMBI is a member of the Bmp-4 synexpression group (Nature 401 (1999) 480). We identi®ed two murine homologues of BAMBI one of which, named Bambi-c , is a pseudogene. We show that the spatiotemporal expression pattern of Bambi closely matches that of Bmp-4 during mouse embryonic development. Moreover, we show that Bambi expression is induced in mouse embryonic ®broblasts by Bmp-4. Hence, we provide ®rst evidence for the existence of an evolutionarily conserved Bmp-4 synexpression group in mammals. q
Results

Identi®cation of two murine BAMBI homologues
We identi®ed several expressed sequence tags (ESTs) representing different parts of the mouse Bambi mRNA by screening the NCBI database with the Xenopus BAMBI sequence. By combining these partially overlapping ESTs we were able to obtain the full length coding region and parts of the 5 H and 3 H untranslated regions of the Bambi transcript (Fig. 1) . Additionally, we found ESTs representing a related sequence exhibiting characteristics of a pseudogene (see Fig. 1 for details). The EST database entries from this pseudogene, named Bambi-c , were only derived from two different cDNA libraries pointing to a very low or very speci®c expression of this transcript, which is supported by our RT-PCR analyses (data not shown).
Coexpression of Bambi and Bmp-4
In Xenopus it has been shown that BAMBI is a target gene of Bmp-4 signaling (Onichtchouk et al., 1999) . In order to test whether also the murine Bambi is a Bmp responsive gene, we applied human recombinant Bmp-4 (R & D Systems) at 100 ng/ml to cultures of mouse embryonic ®broblasts (MEFs). Semiquantitative RT-PCR analysis showed that Bambi was induced upon the Bmp-4 signal ( Fig. 2A) , suggesting that this regulation might also occur in the mouse embryo.
We analyzed Bambi expression by RT-PCR in ES cells and from embryonic day (E) 3.5 to E16.5. In all stages/ tissues examined, expression of both, Bmp-4 and Bambi, could be observed (Fig. 2B and data not shown) indicating that these genes are temporally coexpressed.
In order to analyze whether both genes are not only temporally but also spatially coexpressed we performed wholemount in situ hybridization on midgestation embryos. Fig.  2C ,D shows that Bmp-4 and Bambi are highly expressed in overlapping domains at sites of epithelial-mesenchymal interactions like branchial arches, the developing ear and limb buds (also Fig. 3D±J ). Coexpression is exempli®ed in craniofacial structures in Fig. 2E ,F. Other prominent sites of expression are the lens and retinal pigment layer of the developing eye (Fig. 3B ) and the mesenchyme of the genital tubercle ( Fig. 3C ) as also described for Bmp-4 (Bitgood and McMahon, 1995; Mathura et al., 2000) . Also at earlier stages of mouse development both genes are transcribed in the same regions. At E7.5 and E8.0 Bambi expression was con®ned to the extraembryonic part (Fig. 3A) in a pattern reminiscent of that of Bmp-4 (Jones et al., 1991) . Moreover, the ESTs representing the human and rat homologues of BAMBI ( Fig. 1 ) are derived from tissues that highly express Bmp-4 in the mouse like kidney and lung ( Fig. 2B ; Bellusci et al., 1996; Hogan, 1996) .
Given our RT-PCR and in situ hybridization results which support the data obtained in Xenopus, we con®ned a more detailed description of Bambi expression to the developing limbs, structures not commonly analyzed in the frog.
Bambi expression during limb development
Bmps have been shown to ful®ll multiple important functions during pattern formation, growth and differentiation of the vertebrate limb (Yokouchi et al., 1996; Capdevilla et al., 1999; Pizette and Niswander, 1999; Dahn and Fallon, 2000; Drossopoulou et al., 2000; Tang et al., 2000) . Initially, Bmp-4 is expressed in the apical ectodermal ridge (AER) and subjacent mesenchyme with a pronounced anterior and posterior expression domain in the limb mesenchyme. Also Bambi is expressed in both, ectodermal and mesodermal components of the developing limb. Very strong expression could be observed in the AER, whereas staining for Bambi transcripts in the underlying mesenchyme was weaker (Fig. 3D,E) . In the mesenchyme Bambi expression does not exactly match the Bmp-4 pattern as it is uniform along the distal margin of the limb buds without the broadened anterior and posterior domains known for Bmp-4 (compare Fig. 2C with D) .
Starting at E12.5 Bambi transcripts were localized to the interdigital mesenchyme and the remnants of the AER (Fig.  3F,G) , tissues known to be undergoing apoptosis triggered by Bmp-4 (Yokouchi et al., 1996; Zhang et al., 2000) . At E14.5 Bambi expression still persisted in the tips of the almost completely formed digits and the perichondrium (Fig. 3H ). This expression was maintained one day later (Fig. 3J) . We observed the same pattern in fore and hindlimbs.
In conclusion, we have shown that like in the frog, Bambi and Bmp-4 are strictly coexpressed during mouse embryonic development, with only minor differences in expression domains, e.g. in the limb buds. However, we could not detect a tissue known to express Bmp-4, that does not express Bambi and vice versa. This analysis extends expression data from Xenopus which have been described only until the tadpole stage. Moreover, we were able to induce Bambi expression by Bmp-4 in MEFs and also the human and rat homologues of BAMBI are expressed in tissues that express Bmp-4. Altogether, this indicates the existence of a Bmp-4 synexpression group in mammalian species and suggests an important role for Bambi at multiple stages of mammalian development. H part of the coding region the sequences of Bambi and Bambi-c become completely unrelated (nucleotide position 1113). Thus, it can be predicted that no functional gene product can be generated from this sequence. The nucleotide sequences of mouse Bambi, Bambi-c and the partial rat sequence have been obtained by combining the following ESTs: Accession nos. AA162979, AI607161, AA162807, AI550557, AW211285, AI450743 (Bambi); AI645332, AI877143, AA940456, AA863887, BE457147 (Bambi-c); AW917386, AI411324 (RAT). The human gene is known as NMA (Acc. no. NM_012342). Bambi expression throughout limb development. Limbs are orientated anterior to the top, distal to the right. At E9.5 (D), E10.5 (not shown) and E11.5 (E) expression of Bambi was observed in the AER and subjacent mesenchyme. At E12.5 (F) transcripts were additionally found in the interdigital mesenchyme. At E13.5 (G) transcripts were located in the remnants of the AER, the interdigits and the perichondrium. At E14.5 (H) and E15.5 (J) Bambi expression was restricted to the ®nger tips and the perichondrium.
Materials and methods
Details on experimental procedures are available on request.
